Effects of subacute ruminal acidosis and low feed intake on short-chain fatty acid transporters and flux pathways in Holstein steers.
The objective of this study was to investigate the role of protein-mediated transport pathways for short-chain fatty acid flux across the ruminal epithelium, using subacute ruminal acidosis (SARA) and feed restriction as models. Twenty-one Holstein steers (216.8 ± 31.4 kg BW) were individually housed and fed a total mixed ration (TMR) with a 50:50 forage:concentrate ad libitum for 5 d. After the 5 d diet adjustment period, calves were assigned 1 of 3 treatments: control (CTRL) calves were fed the TMR ad libitum on d 1, subacute ruminal acidosis calves were given 25% of their ad libitum DMI on d 1 and then given a barley grain challenge at 30% of ad libitum DMI on d2 (ACID) calves were given 25% of their ad libitum DMI on d 1 and then given a barley grain challenge at 30% of ad libitum DMI on d 2, and feed restriction (FR) calves were given 25% of their ad libitum DMI for 5 d. Reticuloruminal pH was continuously measured during the entire study. At the end of the study, rumen tissue was harvested and acetate and butyrate flux were measured. Selective inhibitors were used to differentiate total flux (TOTAL), protein-mediated flux (PMF), and passive diffusion flux (PDF). The duration that rumen pH was <5.6 was greater in ACID calves compared with CTRL and FR calves (57 ± 90 vs. 519.71 ± 90 vs. 30 ± 90 min/d for CTRL, ACID, and FR, respectively; < 0.01). Total acetate flux was greater in FR than in CTRL (630.6 ± 38.9 vs. 421.1 ± 41.4 nmol/cm × h, respectively; < 0.01), but no difference was observed between CTRL and ACID (421.1 ± 41.4 vs. 455.4 ± 38.9 nmol/cm × h, respectively). Also, total butyrate flux was greater in FR than in CTRL (1,241.9 ± 94.8 vs. 625.5 ± 86.3 nmol/cm × h, respectively; < 0.01), but no difference was detected between CTRL and ACID (625.5 ± 86.3 vs. 716.7 ± 81.0 nmol/cm × h, respectively). For butyrate flux, PMF was greater for FR than for CTRL (479.21 ± 103.9 vs. 99.9 ± 86.3 nmol/cm × h, respectively; < 0.01), but no difference was observed between the CTRL and ACID treatments (99.9 ± 86.3 vs. 90.2 ± 81.0 nmol/cm × h, respectively). Immunofluorescence analysis showed an increase in monocarboxylate cotransporter isoform 1 abundance in the FR treatment compared with the ACID treatment (9,250 ± 1,648 vs. 4,187 ± 1,537 arbitrary units, respectively; = 0.03) but not compared with the CTRL treatment (9,250 ± 1,648 vs. 7,241 ± 1,648 arbitrary units, respectively; = 0.15). These data identify a short-term adaptive response of the ruminal epithelium to dietary changes that involves PMF and PDF.